Background: Low levels of physical activity can cause various physical symptoms or illness. However, few studies on this association have been conducted in young adults. The aim of this study was to investigate the association between physical activity levels and physical symptoms or illness in young adults. Methods: Subjects were university students who participated in a web-based self-administered questionnaire in a university in Seoul in 2013. We obtained information on physical activities and physical symptoms or illness in the past year. Independent variables were defined as symptoms or illness which were associated with decreased academic performance. Logistic regression was performed to calculate odds ratios (ORs) and 95% confidence intervals (CIs) of each physical symptom or illness with adjustment for covariables. Results: A total of 2,201 participants were included in the study. The main physical symptoms or illness among participants were severe fatigue (64.2%), muscle or joint pain (46.3%), gastrointestinal problems (43.1%), headache or dizziness (38.6%), frequent colds (35.1%), and sleep problems (33.3%). Low physical activity levels were significantly associated with high ORs of physical symptoms or illness. Multivariable-adjusted ORs (95% CIs) in the lowest vs. highest tertile of physical activity were 1.45 (1.14-1.83) for severe fatigue, 1.35 (1.07-1.70) for frequent colds, and 1.29 (1.02-1.63) for headaches or dizziness. We also found that lower levels of physical activity were associated with more physical symptoms or bouts of illness. Conclusion: Low physical activity levels were significantly associated with various physical symptoms or illness among university students. Also, individuals in the lower levels of physical activity were more likely to experience more physical symptoms or bouts of illness than those in the highest tertile of physical activity.
INTRODUCTION
Ensuring health in young adults is critical for their health in their later adulthood, future generations' health, and social prospects. 1) Nonetheless, a considerable number of young adults, especially university students, has been reported to suffer various physical symptoms or illness, such as headache, sleep disorder, and digestive symptoms.
2-4)
One of the main causes is decreased physical activity levels, which can lead to such physical symptoms or illness, whereas regular exercise and increased levels of physical activity can decrease the risk of those health problems. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition, regular moderate exercise can decrease the risks of cardiovascular disease, hypertension, type 2 diabetes, osteoporosis, obesity, breast or colorectal cancer, and mortality. [15] [16] [17] [18] [19] Based on this evidence, the American Heart Association recommends moderate levels of cardio-exercise for 30 minutes at least 5 times per week or strenuous exercise for 20 minutes at least 3 times per week for 18-65 year old adults. 20) Similarly, regular physical exercise for 30 minutes at least 5 times per week is recommended in Korea as part of the tertiary national health promotion project. 21) Although the benefits of physical exercise are well-known, only 40%
of young adults worldwide in 2010 22) and 45.5% of university students in the US 23) met the recommendation. The physical activity levels in Korea are far lower than the global statistics; furthermore, recent trends in physical activities, including walking, have decreased since
2005 among all Korean adults, including young adults. 24) The Korea National Health and Nutritional Examination Survey 2013 reported that only 26% of young adults aged 19-29 years practiced moderate or higher levels of exercise. 24) Another study conducted among university students in Korea reported that only 20.8% of students regularly performed moderate levels of exercise. 3) Since adolescence, most university students in Korea are sedentary in their lifestyle as they prepare for university entry examinations and later, employment applications. In addition, many students spend their leisure time watching TV or playing video games. 3) To present, only a few studies have been conducted on the association between physical activity levels and physical symptoms or illness in young adulthood. We aimed to examine the association between physical activity levels and various physical symptoms or illness among university students in Korea to determine the importance of physical activities in young adults.
METHODS

Study Participants
Subjects of this study were students of Seoul National University (SNU), who voluntarily participated in a student health survey conducted over 4 weeks in 2013. A total of 2,501 students participated in the survey, which included 8.9% of all students of the university. We excluded 300 students who did not answer the questions on physical activity, resulting in a total study population of 2,201 students. This study was approved by the institutional review board of Seoul National University (IRB number, SNUIRB 1301/001-007).
Variables
The student health survey used in this study was modified from the Global School-based Student Health Survey developed by the World Health Organization (WHO) and US Centers for Disease Control and Prevention, 25) the National College Health Assessment developed by the American College Health Association, 26) and the health statistics annual report in 2012 of the university at which this study was conducted.
27)
Participants completed a web-based self-administered questionnaire on demographics (sex, age, academic status, residence, parents' education levels, and household income), height, weight, health-related lifestyle in the past year (smoking, alcohol use, dietary habits, and physical activity), and self-rated health status.
To assess physical symptoms or illness experienced in the past year, the following questions were asked: "Have you experienced any of the following health problems? (yes/no) (1) severe fatigue, (2) frequent colds, (3) gastrointestinal problems (indigestion, abdominal pain, diarrhea, or constipation), (4) muscle or joint pain (neck, shoulders, lower back, knees, or other), (5) headache or dizziness, (6) sleep problems (insomnia, snoring, or sleep insufficiency), (7) visual or hearing problems, and (8) any injuries or their sequelae. " For those who answered that they had experienced any of the above problems, further questions were asked: "How did your health problems affect your school life? (1) no effect, (2) decreased academic performance, (3) absence from school, (4) leave of absence, (5) failure or holdover, or (6) interpersonal problems. " For the current analysis, we defined physical symptoms or illness which were associated with decreased academic performance as the independent variable. In addition, the number of physical symptoms or illness reported by each participant was calculated and categorized into 4 groups (0, 1-2, 3-4, and 5-6 symptoms).
Physical activity levels were evaluated using the International Physical Activity Questionnaire, 28, 29) and total physical activity levels (meta- Self-rated mental health was asked as "In the past year, how do you describe your general mental health?: (1) excellent, (2) good, (3) fair, (4) poor, or (5) very poor" We combined those who answered "excellent" and "good" into one group and those who answered "poor" and "very poor" into another group, resulting in 3 groups (good, fair, poor).
Statistical Analysis
To describe characteristics of study participants, frequencies, means, and standard deviations were calculated by physical activity levels.
Frequencies of each physical symptom or illness among all participants and numbers of major symptoms per person were described.
We conducted chi-square tests for categorical variables and variance analysis for continuous variables.
Logistic regression was performed to calculate odds ratios (ORs) and 95% confidence intervals (CIs) of each physical symptom or illness by physical activity tertiles, and was adjusted for covariates. We examined whether the associations between physical activity levels were performed using the Wald test, using cross-product terms of physical activity and sex variables.
Because serious physical symptoms or illness could have lowered physical activity levels, we considered the possibility of reverse causality and performed sensitivity analyses after excluding the individuals who reported absence from school, leave of absence, failure or holdover, or interpersonal problems due to their physical symptoms or illness due to their symptoms or illness.
To assess the association between physical activity levels and the number of physical symptoms or illness, multinomial logistic regression was performed with adjustment for the covariates. After combining the lowest and median tertiles of physical activity into one group, we calculated multivariable-adjusted ORs for each number of physical symptoms or illness using binary logistic regression, with the highest tertile of physical activity as the reference.
All P-values were two-sided, and P<0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS ver. 20 .0 (IBM Co., Armonk, NY, USA) software.
RESULTS
General Characteristics of Participants
A total of 2,201 participants were included in this study (Table 1) . Male participants comprised 58.1%, and the mean age was 24.3 years. The median physical activity level was 765 MET-min/wk. Physical activity levels were higher in younger participants and were higher in men compared to women (P≤0.001).
Frequencies of Physical Symptoms or Illness
Among the physical symptoms or illness exprienced in the past year, participants reported that severe fatigue (64.2%), muscle or joint pain (46.3%), gastrointestinal problems (43.1%), headache or dizziness (38.6%), frequent colds (35.1%), sleep problems (33.3%), hearing or visual problems (15.8%), and injuries or their sequelae (5.0%) affected their school life and decreased academic performance (Table 2) .
Based on the 6 main physical symptoms or illness reported by more than 30% of the partcipants, the mean number of physical symptoms or illness in each individual was 2.6 (2.4 in men and 2.9 in women), showing a greater number in women (P-value <0.001). Up to 21.2% of participants responded that they had experienced 5-6 physical symptoms or bouts of illness which decreased their academic performance in the past year.
Physical Activity Levels and Physical Symptoms or Illness
After multivariable logistic regression, lower physical activity levels were associated with higher ORs of physical symptoms or illness that affected participants' academic performance ( found between physical activity levels and muscle or joint pain (P for trend=0.408).
In the subgroup analysis, we found no significant interactions by sex for the associations between physical activity levels and physical symptoms or illness (P interaction: ≥0.292 for the median tertile vs.
highest tertile, ≥0.174 for the lowest tertile vs. highest tertile) (Figure 1 ).
Individuals who reported serious limitations to their school life, such as absence from school, leave of absence, failure or holdover, or interpersonal problems, due to their physical symptoms or illness were likely to have experienced more severe symptoms or illness, Values are presented as number (%) or mean±standard deviation. Participants were asked to choose as many symptoms or illnesses as they experienced in the past year. *From chi-square test for categorical variables and independent t-test for the mean of number of major symptoms. † Included severe fatigue, muscle or joint pain, gastrointestinal problems, frequent colds, headache or dizziness, and sleep problems. We further performed sensitivity analyses using different categorizations of physical activity levels. Using the WHO criteria, 25) those who (1) performed strenuous exercise of 1,500 MET-min at least 3 times per week or (2) a total of at least 3,000 MET-min of exercise per week were defined as highly active; those who (1) performed strenuous activity for at least 20 minutes per day at least 3 times per week or (2) a moderate level of exercise or walked for at least 30 minutes per day at least 5 days per week, with total activity levels lower than those of highly active individuals, were defined as moderately active; and those who did not meet the above criteria were defined as having a low level of physical activity. As with the main results us ing the WHO physical activity criteria, we found similar associations (P for trend: severe fatigue 0.032, frequent colds 0.01, headache or dizziness 0.037). In addition, using quartiles of physical activity, the results were consistent (P for trend:
severe fatigue 0.011, frequent colds 0.006, headache or dizziness 0.045).
We found that lower levels of physical activity were associated with greater numbers of physical symptoms or bouts of illness, especially with 5-6 kinds of symptoms (Table 4) . After multivariable-adjusted multinomial logistic regression, individuals in the median and lowest tertiles of physical activity were significantly more likely to experience 5-6 kinds of physical symptoms or illness compared to those in the highest tertile; the ORs (95% CIs) were 1.52 (1.08-2.14) in the median Figure 1 . Multivariable ORs* and 95% CIs of physical symptoms or illness between lowest and highest tertiles of physical activity by sex. OR, odds ratio; CI, confidence interval. *Multivariable ORs for the lowest tertile of physical activity were calculated using logistic regression with the highest tertile as the reference and adjusted for age (continuous), sex, smoking status (none/past/current), alcohol use (none/ moderate/heavy), body mass index (underweight/normal/overweight/obese), chronic disease (no/yes), self-rated mental health (bad/fair/good), academic status (undergraduate/master's course/doctoral course), hometown (Seoul/other urban/ rural/foreign country), residence (living with parents/living alone/dormitory/others), and income (≥7, 5-6.9, 3-4.9, <3 million Korean won).
Since the ORs in the median tertile and the lowest tertile were similar, we combined the two tertiles into one group; the number of physical symptoms or bouts of illness in the combined group were subsequently compared to that in the highest tertile of physical activity (Figure 2 ).
Individuals with lower levels of physical activity significantly tended to experience one or more physical symptoms or bouts of illness compared to those in the highest tertile of physical activity. The adjusted ORs (95% CIs) were 1.32 (1.01-1.71) for experiencing 1-2 different kinds of physical symptoms or illness, 1.33 (1.01-1.75) for experiencing 3-4 kinds, and 1.61 (1.19-2.19) for experiencing 5-6 kinds.
DISCUSSION
In this study among university students, low levels of physical activity were significantly associated with various physical symptoms or illness that led to decreased academic performance. Severe fatigue, frequent colds, and headache or dizziness were significantly associated with low levels of physical activity, and sleep problems and gastrointestinal symptoms were marginally associated. In addition, individuals with lower levels of physical activity were more likely to experience greater numbers of physical symptoms or bouts of illness compared to those in the highest tertile of physical activity.
Similar to our results, a meta-analysis of 12 cohorts reported that adults who were physically active tended to have lower levels of fatigue than inactive adults. 31) Another study among patients with chronic fatigue syndrome reported a negative association between fatigue and the level of exercise. 8) Several studies reported that increasing physical activity can improve fatigue and reduce weight gain, depression, and anxiety among cancer survivors or patients with multiple sclerosis or
Parkinson's disease. [32] [33] [34] [35] Although the mechanisms are unclear, some evidence supports that physical activity modifies the levels of neurotransmitters, such as monoamines, histamine, acetylcholine, and -aminobutyric acid, which affects the levels of fatigue. 36) In our study, a linear negative association between physical activity levels and the common cold was observed. A prior cross-sectional study reported a U-or J-curve association between physical activity levels and the common cold. The authors hypothesized that moderate levels of physical activity may improve the immune system to help prevent the common cold, while strenuous exercise can produce excess free radicals and increase the risk of the common cold. 37) Another cross-sectional study found no association between physical activity levels and the common cold. 38) To the best of our knowledge, no longitudinal study has been conducted on this association, and the association between physical activity and the risk of common cold remains unclear.
It is well-known that physical activity can worsen migraine headaches, and migraine headaches were associated with a lower level of physical activity in a cross-sectional study. 8) In contrast, low levels of physical activity were significantly associated with an increased risk of non-migraine headaches, including tension-type headache in a prospective study designed to exclude reverse causality. 6) In the current study, we also found significant associations between low physical activity levels and headaches in the main and sensitivity analyses.
Several previous studies among athletes who practiced strenuous exercise reported a J-curve association between physical activity levels and gastrointestinal problems, such as heartburn, indigestion, and di- † Multivariable ORs were calculated using binary logistic regression and adjusted for age (continuous), sex, smoking status (none/ past/current), alcohol use (none/moderate/heavy), body mass index (underweight/ normal/overweight/obese), chronic disease (no/yes), self-rated mental health (bad/ fair/good), academic status (undergraduate/master's course/doctoral course), hometown (Seoul/other urban/rural/foreign country), residence (living with parents/ living alone/dormitory/others), and income (≥7, 5-6.9, 3-4.9, <3 million Korean won). Values are presented as odds ratio (95% confidence interval). *Multivariable odds ratio were calculated using multinomial logistic regression and adjusted for age (continuous), sex, smoking status (none/past/current), alcohol use (none/ moderate/heavy), body mass index (underweight/normal/overweight/obese), chronic disease (no/yes), self-rated mental health (bad/fair/good), academic status (undergraduate/master's course/doctoral course), hometown (Seoul/other urban/rural/foreign country), residence (living with parents/living alone/dormitory/others), and income (≥7, 5-6.9, 3-4.9, <3 million Korean won).
arrhea, with the fewest symptoms occurring with moderate levels of physical activity. 7, 10) We found a borderline linear negative association
between digestive symptoms and physical activity levels, although it was not statistically significant. Because the levels of physical activity in our participants (mean of 2,643 MET-min/wk) were relatively lower than those in the previous studies among athletes, the association found in our study cannot be applied to those with higher levels of physical activity.
Previous studies found that regular moderate exercise can increase slow-wave sleep, total sleep duration, and improved sleep quality. 33) We found a borderline association between physical activity levels and sleep problems, although the association was not statistically significant. The non-significance may be due to the broad definition of sleep problems in our study, including insomnia, snoring, or insufficient sleep, whereas prior studies on sleep were more specific to insomnia.
In addition, our study population consisted of university students, who were more likely to suffer involuntarily from sleep insufficiency due to their academic activities.
Strenuous exercise can cause musculoskeletal pain from muscle damage, sprain, or post-exercise syndrome. 23, 39) Whereas, low levels of physical activity are a risk factor for low back pain. 40) Thus, both low and very high levels of physical activity can cause different types of musculoskeletal pain. In our study, no significant associations between physical activity levels and muscle or joint pain were found among university students. One of the reasons for the null association in our study may be that we did not specify the types of muscle or joint pain, which can include both musculoskeletal pains from vigorous exercise and pains due to sedentary lifestyle.
A prior cohort study in Australia reported that increasing physical activity decreased the numbers of various physical symptoms in women. 41) Consistent with these prior results, we also found that low physical activity levels were associated with greater numbers of physical symptoms or bouts of illness among young university students.
Our study had several strengths. This study included a relatively large number of young adults; this age group has been far less investigated for the factors associated with health problems and illness compared to other age groups. We collected a broad range of information on demographic, socioeconomic, anthropometric, and lifestyle factors; thereby, we were able to adjust for potential confounders in analyses. We conducted various sensitivity and subgroup analyses, and the results were almost similar to those of the main analyses, thus providing evidence regarding the robustness of our results.
This study has the following limitations. First, the cross-sectional nature of this study limits causal and temporal inference. To overcome this limitation to some degree, we performed sensitivity analyses, and the results were consistent with the main results. Second, because our study was based on the participants' memories, we cannot exclude the possibility of incompleteness of memory. Lastly, our study population consisted of Korean university students at one university; therefore, the results cannot be generalized to the entire population, but it may reduce the possibility of confounding by other demographic variables, such as age or ethnicity.
In conclusion, reduced levels of physical activity were significantly associated with various physical symptoms or illness that limited students' academic performance. Severe fatigue, frequent colds, and headache or dizziness were significantly associated with low physical activity levels, and sleep problems and gastrointestinal symptoms were marginally associated. In addition, individuals with lower levels of physical activity were more likely to experience a greater number of physical symptoms or bouts of illness compared to those with higher levels of physical activity. To confirm these associations, further prospective and interventional studies on the relationship between physical activity and the development of physical symptoms or health problems are warranted.
